A simple method is proposed for testing the reactivity of elemental iron materials (Fe 0 materials) using methylene blue (MB) as reagent. 
Introduction
Since the introduction of permeable reactive barriers of metallic iron for groundwater remediation (Fe 0 PRB technology), various Fe 0 types were tested and mostly successfully used for environmental remediation. Despite the reported successes, little progress has been made toward characterizing the variability in reactivity among Fe 0 samples from different sources [1, 2] . Available works attempted to relate corrosion rates to: (i) the rate of hydrogen evolution [3, 4] or (ii) to the extend of contaminant removal by used Fe 0 materials [1, 5] .
Among the reactivity parameters, the composition of the aqueous solution, the Fe 0 elemental composition (alloying elements) and the surface properties (specific surface area, oxidation 1 state) have been largely discussed [3, 6, 7] . However, none of these parameters is independent [8, 9] . According to Van
Orden [8] , whether a metal is cast, forged, wrought or welded are as important as the environment in the corrosion process. One major limitation of the current material testing procedures is that each material is used for remediation tests and the reactivity is ascertained at the end of the possibly cost-intensive and time consuming experiments. An alternative approach consisting in testing the reactivity of Fe 0 materials in dilute EDTA (ethylenediaminetetraacetic acid) was recently presented [2] . However, EDTA is a strong chelating agent known to delay the process of iron hydroxide precipitation [10] at near neutral pH which is characteristic for most natural systems.
There is a need to develop simple, reliable and cost-effective methods to test the reactivity of Fe 0 materials. Ideally such methods should (i) be performed under conditions where iron solubility is not enhanced, and (ii) be applicable for material screening in preliminary works to avoid analytical cost. This study proposed a simple approach to compare the reactivity of Fe 0 toward methylene blue discoloration. Four materials of known relative reactivity [2] were tested to ascertain the efficiency of the new method. The selected materials are representative for the large array of powdered and granular Fe 0 materials used in environmental remediation.
Background of the experimental methodology
Methylene blue (MB) discoloration in the presence of Fe 0 results mostly from MB coprecipitation with in situ generated iron corrosion products [11, 12] . Therefore, in a Fe 0 /H 2 O system, the extend of MB discoloration should increase steadily from the start of the experiment to the time of total discoloration. If the process of corrosion product precipitation is delayed, the resulting MB discoloration is also delayed. 
Materials and Methods

Solutions
Methylene blue (MB) is a traditionally favourite dye of choice for laboratory and technical purposes [16, 17] . Its molecule has a minimum diameter of approximately 0.9 nm [18] and is also used as redox indicator [15] . The used initial concentration was 12 mg/L (~0.037 mM)
MB and it was prepared by diluting a 1000 mg/L stock solution. All chemicals were analytical grade.
Solid materials
One scrap iron (ZVI1) and three commercially available iron materials (ZVI2 to ZVI4) have been tested in the present study. Table 1 most important reactivity factors [20] . However, it is not the objective of this study to investigated the impact of the specific surface area on the reactivity of the material, but rather to compare the material in the form in which they could be used in field applications.
Therefore, all other materials were used as obtained. Crushing and sieving ZVI4 aimed at working with materials of particle size relevant for field applications. The materials differ regarding their characteristics such as content of metallic iron, additives, grain size and shape.
No information about the manufacture process (e.g. raw material, heat treatment) was available.
The used MnO 2 is commercial sample from Merck (85 -90% MnO 2 ; synthetic pyrulosite).
The powdered sample was used without any pre-treatment.
Discoloration studies
Batch experiments with a shaking intensity of 50 min 
Expression of experimental results
After the determination of the residual MB concentration (C) the corresponding percent MB discoloration was calculated according to the following equation (Eq. 1): , and green rust [22] [23] [24] . Their role in the mechanisms of aqueous contaminant removal is yet to be properly characterized [24, 25] . It is certain that, during their precipitation corrosion products sequestrate MB in their structure This observation is compatible with MB co-precipitation as main discoloration mechanism.
The observed discoloration extent of 40 % for MnO 2 
Conclusions
Methylene blue has been used for the characterization of the reactivity of Fe 0 materials. The proposed method is simple and does not involve any stringent reaction conditions. This method is a good alternative for reported costly instrumental procedures [2] . The proposed method has been successfully applied to differentiate the reactivity of four Fe 0 materials of known relative reactivity. This method can be used for material screening prior to costintensive investigations. Moreover, the test can be further developed to yield a characteristic parameter for Fe 0 materials similar to iodine number or methylene blue number for the characterization of activated carbons [16, 18] . 
